This paper proposes a new simple model to forecast daily global solar irradiation one day ahead using the Takagi-Sugeno fuzzy methods. The model is based on solar radiation data measured in Timisoara, Romania. The daily clearness index represents the direct variable used by the fuzzy algorithm. The model forecasts the clearness index at the moment of time t on basis of two previous values measured at time t-1 and t-2 . An assessment of the model accuracy is performed.
Introduction
Models for computing solar radiation represent useful tools in various research areas.
Most of these models are based on traditional statistics. Other alternative methods in modeling solar radiation are represented by the fuzzy algorithms [1] . An improvement in the forecasting accuracy is expected from these algorithms. The applications of the fuzzy set theory in solar radiation modeling are reported in many studies ( [2] , [3] and [4] ).
A fuzzy system consists of a map between input and output (antecedent part and consequent part) represented by if -then rules. There are two important classes of fuzzy models, with a different structure of the consequent part. The first class encloses the fuzzy logic models [5] , where both parts, the antecedent and the consequent part, are linguistic expressions. The second class includes the Takagi-Sugeno fuzzy models [6] , where only the antecedent part is a linguistic expression, while the consequent part is represented by mathematical functions.
In this paper we report a new simple model for forecasting one day ahead daily global solar irradiation, in Timisoara, Romania, by using the Takagi -Sugeno fuzzy technique. The direct variable used by the fuzzy algorithm is the clearness index, computed from the measured data of the daily global solar irradiation. Based on the two previous values measured at moments t-1 and t-2, the model forecasts the clearness index at time t.
Database and model description
The solar irradiance can be characterized by two components, deterministic and stochastic. Seasonal and diurnal variations of solar irradiance represent the deterministic variations. Using the astronomical relationships these variations can be computed. The second component of the solar irradiance, the stochastic variation, can be isolated using the instantaneous clearness index [7] :
In Eq. (1) G represents the horizontal global solar irradiance at ground level and
is the horizontal extraterrestrial irradiance. G SC = 1366.1 W/m 2 [8] represents the solar constant,  is the eccentricity correction factor and h is the sun elevation angle.
The instantaneous clearness index, as defined by Eq. (1), represents a measure of the atmospheric transparency. The clearness index can also be defined for the global solar irradiation, on a given time interval. A review of the statistical behavior of the solar radiation components based on clearness index is described in Ref. [9] .
In this work the daily clearness index for global solar irradiation is used, defined as: The output functions f i have been chosen linearly in k t-1 and k t-2 :
The coefficients of the f i output functions have been computed using the multivariate least square regression and they are listed in Table 2 . Once we have set a functional rules-base, the fuzzy algorithm is operational. In this moment, the model can be run and for every inputs k t-1 and k t-2, the output value k t can be computed.
Model performance assessment
To assess the model performance we use data measured in the year 2001 at the station Timisoara. The graphical representation of measured and forecasted values of daily clearness index is illustrated in Figure 3(a) . A good agreement between measured and forecasted values of clearness index with the TS fuzzy model can be observed. The daily global solar irradiation forecasting is the main scope of this paper. Using Eq. 
Conclusions
In this paper a new simple model based on the Takagi-Sugeno fuzzy procedure for forecasting daily global solar irradiation one day ahead is presented. The clearness index computed from global solar irradiation is the direct variable processed by the TS fuzzy algorithm. The obtained results in this work show that the accuracy of forecasting using this new procedure is acceptable. The balance between accuracy and simplicity of the TS fuzzy model presented in this work shows that it is suitable for practical applications. By simply recomputing the coefficients, this model can be applied easily in other location.
